Background: To our knowledge, no prospective studies examine the relationships among childhood sleep problems, adolescent executive functioning, and substance outcomes (i.e., substance use and substance-related problems). In this study, we examined whether childhood sleep problems predicted adolescent sleep problems and response inhibition. We also tested whether adolescent sleep problems and poor response inhibition mediated the relationship between childhood sleep problems and substance (alcohol and drug) outcomes in young adulthood.
S LEEP PROBLEMS ARE a major public health issue in the U.S. An estimated 30 million Americans have frequent or chronic insomnia (National Institute of Health, 2006) . In a recent national study, 51% of 6th to 12th graders reported feeling tired or sleepy and 31% reported having difficulty staying asleep at night at least once in week in the last 2 weeks (National Sleep Foundation, 2006) . Another major public health issue in the U.S. is alcohol and drug use among adolescents and young adults. By the end of high school, 72% have consumed alcohol (more than a few sips), 55% reported having been drunk at least once, and 47% have used at least one illicit drug (Johnston et al., 2008a) . Among college students, 83% have tried alcohol, 41% have engaged in heavy drinking (five or more drinks in a row) at least once in the past 2 weeks, and 35% have used at least one illicit drug (Johnston et al., 2008b) . This study examined the relationship between childhood sleep problems and alcohol and drugrelated problems in young adulthood. We also tested whether sleep problems and response inhibition in adolescence were significant mediators of this relationship.
SLEEP PROBLEMS AND SUBSTANCE USE ⁄ ABUSE
The relationship between sleep problems and substance use ⁄ abuse has been demonstrated in both adults and adolescents. Insomnia has been shown to prospectively predict alcohol problems among some adults (Brower, 2001 ). In the Epidemiological Catchment Area study (N = 7,954) , individuals with persistent insomnia at baseline were more likely than individuals without insomnia to experience the first onset of alcohol abuse or dependence 1 year later (Ford and Kamerow, 1989) . This relationship holds even when the analyses were performed on adults without a psychiatric disorder at Time 1 (N = 5,340; Weissman et al., 1997) . A study of health maintenance organization participants in southeast Michigan (N = 979) found a nonsignificant but positive trend for the effect of insomnia at baseline on onset of alcohol abuse or dependence 3 years later (Breslau et al., 1996) . Moreover, individuals with insomnia in the same study were significantly more likely to develop onset of nicotine dependence and drug abuse ⁄ dependence within the following 3 years.
Research on the relationship between childhood sleep problems and substance use in adolescents and young adults is limited. This knowledge gap has been recognized by the National Institute of Health (National Institute of Health, 2006) . Three cross-sectional studies indicate that sleep patterns and problems are associated with substance use. In a World Health Organization survey of school children's health behavior, irregular sleep schedules, and perceived daytime tiredness were associated with increased use of cigarettes and alcohol in 1,057 15-year-old Finnish adolescents (Tynjala et al., 1997) . Among a group of French secondary school students (N = 763), poor sleepers (self-reports of insomnia and the use of sleeping pills) were more likely than others to use alcohol, cigarettes, and illicit drugs (Vignau et al., 1997) . Data from the U.S. National Household Survey on Drug Abuse (N = 13,381 adolescents) also indicated a similar relationship between sleep problems and substance use. Adolescents aged 12 to 17 who reported having trouble sleeping were more likely than others to use alcohol, cigarettes, and other illicit drugs (Johnson and Breslau, 2001) .
To the best of our knowledge, our previous work (Wong et al., , 2009 has been the only longitudinal study examining the relationship between childhood sleep problems and adolescent substance use. In one study, we found that controlling for parental alcoholism, maternal ratings of having trouble sleeping and overtiredness at 3 to 5 years of age predicted onset of any use of alcohol, marijuana, and illicit drugs, as well as onset of occasional or regular use of cigarettes by age 14 in 257 boys . A subsequent report based on 292 boys and 94 girls from the same sample found that sleep trouble and overtiredness at 3 to 8 years of age predicted onset of alcohol, cigarette, and marijuana use among boys and onset of alcohol use among girls in adolescence (Wong et al., 2009) .
Two important questions remain unanswered. First, our previous studies indicated that trouble sleeping and overtiredness in childhood were related to early onset of substance use. Given this finding, do the same childhood measures predict problems related to alcohol and other drugs, e.g., binge drinking, driving under the influence of alcohol, missing school or work because of substance use? This is an important question to consider, given the serious impact that these problems have on the individuals who suffer from them. As our longitudinal study participants reached young adulthood (aged 18 to 20), onset of substance use became more common and incidents of substance-related problems increased. Thus, we were able to systematically examine the relationship between childhood sleep problems and substance-related problems at this later developmental period.
Second, what might mediate the relationship between childhood sleep problems and substance-related problems? In previous studies, we examined a number of potential mediators, including internalizing and externalizing problems, depression, attention problems, and aggression (Wong et al., , 2009 . Although trouble sleeping and overtiredness were significantly associated with internalizing and externalizing problems, depression and attention problems, none of these variables mediated the relationship between sleep variables and substance use. In this study, we tested whether adolescent sleep problems and response inhibition mediated the relationship between trouble sleeping ⁄ overtiredness in early childhood and substance-related problems in young adulthood. In the following section, we discuss the background research related to these two potential mediators.
CHILDHOOD SLEEP PROBLEMS AND ADOLESCENT SLEEP PROBLEMS
There are only limited data on the relationship between childhood sleep problems and adolescent sleep problems.
Existing research shows that sleep problems are persistent and there are stable individual differences in sleep problems over time. Such differences have been reported in studies with infants, young children, and adolescents. One study of 308 infants showed that 41% of infants with a sleep problem at 8 months still had a problem at 3 years old. The corresponding figure for those without a sleep problem was 26% (Zuckerman et al., 1987) . Another study of 490 children reported a moderate but significant correlation (r = 0.29) between parental report of sleep problems at age 4 and age 15 (Gregory and O'Connor, 2002) . A study of 704 adolescents found that among those who had a sleep problem at 13 years of age (e.g., having difficulty falling asleep, needing more sleep), 49% continued to have a problem at 15 years of age (Morrison et al., 1992) .
Most of the existing studies on the persistence of sleep problems used information from only one source (e.g., parental report or self-report). Except for one study (Gregory and O'Connor, 2002) , most studies assessed sleep in a period of approximately 3 years. In this study, we examined the relationship between maternal report of childhood sleep problems (aged 3 to 8) and adolescent self-report of sleep problems (aged 11 to 17). Unlike most previous studies, information about sleep problems was gathered from more than one source, and the assessment period covered a relatively long time period. If there was indeed a relationship between maternal report of childhood sleep problems and adolescent selfreport of sleep problems, we wanted to ascertain whether adolescent sleep problems mediated the relationship between childhood sleep problems and alcohol and drug-related problems in young adulthood.
CHILDHOOD SLEEP PROBLEMS AND ADOLESCENT RESPONSE INHIBITION
Response inhibition is the ability to suppress a prepared response to perform a less-prepared response with respect to new information (Logan, 1994; Logan and Cowan, 1984) . It is a cognitive process related to executive function (EF), a higher-order cognitive construct involved in the planning, initiation, and regulation of goal-directed behavior (Miyake et al., 2000; Pennington and Ozonoff, 1996) . Response inhibition is closely related to intentional behavior, planning, and self-regulation (Barkley, 1997) .
Existing research showed that sleep deprivation, sleep fragmentation, and sleep problems affect cognitive processes, including executive functioning in adults (Durmer and Dinges, 2005; Pilcher and Huffcutt, 1996) . There is evidence that sleep deprivation adversely affects inhibition or processes related to inhibition among adults, including the ability to suppress a prepotent response (Chuah et al., 2006) , to detect error and to engage in error remedial action (Tsai et al., 2005) , and to make good decisions involving distracting and unexpected information (Harrison and Horne, 2000) .
Research on the long-term effects of sleep loss and sleep problems on EFs in children and adolescents are scant. Studies showed that sleep restriction and fragmented sleep adversely affect EFs. A study of 12 healthy adolescents found that after one night of sleep loss, performance on an addition task and a memory task was significantly lower than baseline (Carskadon et al., 1981) . Another study compared 16 children who were randomly assigned to two groups-one group was restricted to have 5 hours of sleep; another group was allowed to have 11 hours of sleep. Children who slept for 5 hours had poorer performance on measures of verbal creativity and set shifting (Randazzo et al., 1998) . One study reported that sleep extension and restriction significantly affect neurobehavioral functioning (Sadeh et al., 2002) . Seventy-seven healthy children were asked to either restrict or extend their sleep by an hour for 3 consecutive nights. When compared to baseline measures, children in the sleep-extended group performed significantly better than baseline measures on a digit forward memory task and a continuous performance task that measured sustained visual attention, response inhibition, and motor speed. The performance of the sleeprestricted group and the control group remained stable. In a naturalistic study of 135 healthy children, fragmented sleep was associated with lower neurobehavioral functioning, particularly complex tasks that required sustained attention and behavioral inhibition (Sadeh et al., 2002) .
The studies reviewed earlier suggest that sleep restriction and fragmentation have an adverse short-term effect on executive functioning, including tasks that require response inhibition. Children who experience frequent sleep restriction and fragmentation may not have the motivation or mental resources needed for tasks that required alertness and sustained attention. In the long run, these children may not develop habits or the ability to engage in behaviors that are necessary for executive functioning tasks, including response inhibition, planning, and problem solving. It is unclear whether sleep problems have a long-term effect on executive functioning processes such as response inhibition. One goal of the current study is to examine this long-term relationship.
Poor EF in general and poor response inhibition in particular have been linked to substance use and problems. Sons of male alcoholics show greater deficits in EF than controls (N = 44; Peterson et al., 1992) . Lower EF scores predicted increases in alcohol consumption 3 years later in 104 sons of alcoholics (Deckel and Hesselbrock, 1996) . In a high-risk sample of 198 participants, children of alcoholics exhibited lower response inhibition than controls (Nigg et al., 2004) . In 498 children of alcoholics and controls, lower response inhibition predicted number of alcohol and drug problems as well as number of illicit drugs use in adolescence (Nigg et al., 2006) . In the same study, other EF tasks did not predict substance use outcomes independent of response inhibition.
Our review suggests that sleep deprivation and sleep problems are associated with impaired EFs and inhibitory processes. One question that remains unexamined is whether sleep problems also predict response inhibition prospectively over a long period of time. For instance, do children with sleep problems show poor response inhibition as adolescents? Most existing prospective studies on sleep and EFs are short term (lasting for a few days only). Long-term data are currently lacking. In this study, we examined whether childhood sleep problems (age 3 to 8) were associated with adolescent response inhibition (age 15 to 17). We also tested whether adolescent response inhibition mediated the effect of sleep problems on substance-related problems in young adulthood.
OVERVIEW
This study has two goals. First, we examined whether overtiredness and trouble sleeping in childhood predicted sleep problems and response inhibition in adolescence. Second, we examined whether adolescent sleep problems and response inhibition mediated the relationship between childhood overtiredness ⁄ sleep trouble and substance outcomes in young adulthood. These outcomes include binge drinking, blackouts after drinking, driving under the influence of alcohol, number of alcohol-related problems, number of illicit drugs used, and any illicit drug-related problems.
METHOD

Participants
The present study is part of an ongoing longitudinal family study of the development of risk for alcohol and other substance use disorders (Zucker and Fitzgerald, 1991; Zucker et al., 2000) . The larger study recruited a population-based sample of 311 alcoholic men, their partners (whose substance use disorder was free to vary), and their initially 3-to 5-year-old sons. The 3-to 11-year-old daughters in the families were also invited to participate after the study began. The majority of these girls joined the project between 6 and 11 years of age.
Alcoholic men were identified by population sampling methods involving (i) a canvass of all courts in a four-county-wide area for drunk drivers with high blood alcohol levels (BAL > 0.15%); (ii) a neighborhood canvass in the areas where the court-selected alcoholics lived to recruit additional alcoholics. The neighborhood canvass also recruited a control group of children and their families who resided in the same neighborhood as the alcoholic families, but whose parents had no lifetime history of substance abuse ⁄ dependence. Offspring of control families were age matched to the male child in the alcoholic family residing in the same neighborhood. Both biological parents were required to be living together in the same household (either as married couples or domestic partners) and to have a 3-to 5-year-old son living with them at the time of recruitment. Presence of fetal alcohol syndrome was an exclusionary criterion. Analyses of benchmark indicators reported by Zucker and colleagues (2000) showed that the level of psychiatric comorbidity among alcoholic men in this sample is higher than that in the general U.S. population of alcoholics, but somewhat lower than that found in clinical populations.
The current sample consists of 292 boys and 94 girls and both of their biological parents. They were selected from the original study because data on both sleep problems and substance use were present. This represents 94% of the total sample. Seventy-five percent of participants (223 boys; 67 girls) had at least one parent who met a lifetime alcohol use disorder diagnosis when they were 3 to 8 years old, and 25% of participants were controls.
All families were Caucasian-American. Less than 4% of the population in the study sampling area that met inclusion criteria were non-Caucasian. Given the study's sample size, if non-Caucasian ethnic ⁄ racial groups were included, the number available would not permit any effective analysis to be performed. As there is an extensive literature showing a relationship between substance abuse and ethnic ⁄ racial status (Hasin et al., 2007; Kessler et al., 2005) , including such variation in the study without being able to statistically model its effects would only contribute to error. Therefore, investigators originally opted to exclude this variation. The study thereafter recruited an additional sample of both African-American and Hispanic families using parallel recruitment criteria; however, offspring from these families are largely preadolescent and thus do not yet provide the endpoint data necessary for this study.
Procedure
Trained interviewers who were blind to family diagnostic status collected the data. The contact time for each family varied, depending on the data collection wave. Typically, each parent was involved for 9 to 10 hours and each child for seven hours spread over seven sessions. A variety of age-appropriate tasks (e.g., questionnaires, semi-structured interviews, and interactive tasks) were administered, and most of the contacts occurred in the families' homes. Special arrangement was made to collect data from families who had relocated. No families were lost because of relocation.
Participants and their parents were interviewed at 3-year intervals. Participants were 3 to 5 years old at Time 1, 6 to 8 years old at Time 2, 9 to 11 years old at Time 3, 12 to 14 years old at Time 4 and 15 to 17 years old at Time 5. Additionally, participants were interviewed annually between 11 and 17 years of age on questions regarding alcohol and drug use. The data presented in this article include six regular waves and seven annual waves of the study ending at age 17.
Measures
Sleep Problems. Sleep problems in childhood (3 to 8 years of age) were measured by maternal ratings on the Child Behavior Checklist (CBCL; Achenbach, 1991a) . The CBCL is a widely used instrument that measures common behavioral problems. Its reliability and validity have been demonstrated. Two items were used to indicate sleep problems: having trouble sleeping, and overtiredness. Responses to each item were scored on a three-point rating scale (0 = not true; 1 = somewhat or sometimes true; 2 = very true or often true). A relatively small percentage of the sample had a score of 2 on either item (e.g., trouble sleeping at 3 to 8 years of age: 7.8% had a score of 1 and 3.6% had a score of 2; overtiredness at 3 to 8 years of age: 25.4% had a score of 1 and 1.6 % had a score of 2). Therefore, each item was recoded as a dichotomous variable (0 = not true, 1 = sometimes or often true). The two items had a significant relationship with one another, i.e., children who had trouble sleeping were more likely to be overtired than children who did not had trouble sleeping [v 2 (1) = 13.413, p < 0.001]. Sleep problems in adolescence (11 to 17 years of age) were measured by the Youth Self Report (YSR; Achenbach, 1991b) . Like the CBCL, the YSR is a widely used self report measuring behavioral problems. The same two items, having trouble sleeping and overtiredness, were used to indicate sleep problems. Responses were given on a three-point scale (0 = not true; 1 = somewhat or sometimes true; 2 = very true or often true) and were later recoded as dichotomous variables (0 = not true, 1 = sometimes or often true). In the latent growth modeling analyses, annual data of both dichotomous variables from 11 to 17 years of age were analyzed. In the mixed model analyses, data from 11 to 17 years of age were used to form two dichotomous variables, having trouble sleeping and overtiredness (0 = absence of problem between 11 and 17 years of age; 1 = presence of problem between 11 and 17 years of age). The two variables were significantly associated with one another [v 2 (1) = 38.399, p < 0.001].
Response Inhibition. Response inhibition refers to the suppression of a prepotent motor response upon receiving goal-relevant information (Logan, 1994) . We used the tracking version of the Stopping Task to measure response inhibition once between 15 and 17 years of age. Participants were presented with an ''X'' or ''O'' on a computer screen and were asked to press one of the computer keys as quickly as possible upon seeing the stimuli. They were asked to stop themselves from striking the keys upon hearing a tone following the stimulus on the screen. Stop signal reaction time (SSRT) was used as an index of response inhibition. SSRT was calculated by subtracting average stop signal delay from average go reaction time (Logan, 1994; Logan and Cowan, 1984) .
Alcohol and Other Drug Use. Substance use outcomes and substance-related problems were assessed by the Drinking and other Drug Use History Questionnaire-Youth Version (DDHQ-Y; Zucker and Fitzgerald, 2002) and the Diagnostic Interview Schedule-Child Version (DISC; Shaffer et al., 2000) annually from 11 to 17 years of age and once between 18 and 20 years of age. All of the items in DDHQ-Y have been extensively used in a variety of survey and clinical settings. The questionnaire measures age of onset of alcohol and illicit drug use, the frequency and quantity of alcohol use and problems, and the frequency of other drug use and problems.
For the purpose of this article, six variables were examined. These include (i) alcohol-related variables-binge drinking, blackouts, driving under the influence of alcohol, and number of alcohol-related problems and (ii) drug-related variables-number of illicit drugs used and presence of drug-related problems.
We asked participants to indicate whether they had problems related to their drinking and drug use (e.g., having to miss school, got into trouble with my parents). A total of 31 problems were listed separately for drinking and drug use. For alcohol, we counted the number of problems reported by participants of 18 to 20 years of age. In addition, three items from the DDHQ-Y were selected for separate analyses because of their significance on the participants' health, safety, or daily functioning. They are binge drinking in the last 6 months, experiencing a blackout after drinking (''Had blackout, i.e., could not remember later what you had done while drinking''), and driving under the influence of alcohol (''Had driven a car when I had a good bit to drink''). All three are dichotomous variables; for each, a response of ''0'' implies the absence and ''1'' implies the presence of the behavior or experience by participants of 18 to 20 years of age.
With regards to drug-related problems, we examined the presence or absence of any problem (0 = no, 1 = yes) by participants of 18 to 20 years of age. Moreover, we asked participants to read through a list of 20 illicit drugs (e.g., marijuana, cocaine, methamphetamine) and indicate whether they had used them. We then counted the total number of illicit drugs used by participants of 18 to 20 years of age. Past research has shown that early onset of drinking and other drug use are robust predictors of alcohol use disorders in adulthood (DeWit et al., 2000; Grant and Dawson, 1997) .
Parental Alcoholism. Parental lifetime alcohol use disorder diagnosis (alcohol abuse or dependence) when the child was 3 to 8 years old was assessed by three instruments: the Short Michigan Alcohol Screening Test (Selzer et al., 1975) , the Diagnostic Interview Schedule Version III (Robins et al., 1980) , and the Drinking and Drug History Questionnaire (Zucker and Fitzgerald, 2002) . Based on information collected by these instruments, a trained clinician made diagnoses of parental alcoholism using DSM-IV criteria. The availability of three sources of information collected over three different sessions, separated sometimes by as much as several months, served as an across method validity check on respondent replies. In cases of discrepant information, the data represented by the majority of information sources was used in establishing the diagnosis. Inter-rater reliability for the diagnosis was excellent (kappa = 0.81). Children were coded as having an alcoholic parent if either parent met lifetime criteria for alcohol abuse or dependence at 3 to 8 years of age (0 = neither parent had a diagnosis; 1 = either parent had a diagnosis). Figure 1 shows all measures used in the study.
Plan of Analysis
We used two-level mixed models for most analyses (Raudenbush and Bryk, 2002) . Two-level mixed models take into account the clustering (nonindependent) nature of the sample. Some participants came from the same family. On average, each family had 1.77 children participated in the study. One set of analyses examined the relations between childhood sleep problems and adolescent sleep problems. A second set of analyses examined the relations between childhood sleep problems and adolescent response inhibition. In these analyses, Level-1 variables are maternal ratings of having trouble sleeping and overtiredness, gender (0 = female, 1 = male), and age of participants. Level-2 variables are lifetime parental alcoholism (0 = absence; 1 = presence). A third set of analyses examined how childhood sleep problems, adolescent sleep problems, and adolescent response inhibition may be related to substance outcomes in young adulthood. In these analyses, Level-1 variables are maternal ratings of having trouble sleeping and overtiredness, adolescent self-report of having trouble sleeping and overtiredness, gender (0 = female, 1 = male), and age of participants. Level-2 variables are lifetime parental alcoholism (0 = absence; 1 = presence).
We used two methods of the product of coefficient approach to test whether adolescent sleep problems and response inhibition mediated the relations between childhood sleep problems and substance outcomes (MacKinnon, 2008; MacKinnon et al., 2002) . The first method involves testing whether the joint product of Z a (a is the effect of sleep problems on response inhibition) and Z b (b is the effect of response inhibition on substance outcomes) is equal to zero (H 0 : Z a Z b = 0) (MacKinnon, 2008; Meeker et al.,1981) . The mediated effect is significant if it exceeds the 95% critical value. The second method tested whether the 95% asymmetric confidence interval (CI) of ab includes 0 (H 0 : ab = 0). There is a significant mediated effect when the 95% CI does not include zero (MacKinnon, 2008; MacKinnon et al., 2002) . In addition to two-level mixed model analysis, we also used latent growth modeling analysis (McArdle and Epstein, 1987; Meredith and Tisak, 1990) to examine the relationship between childhood sleep problems and the development of adolescent sleep problems (age 11 to 17). As sleep trouble and overtiredness in adolescence were dichotomous variables (absence or presence of a problem), latent growth modeling was performed on their logits (log odds or logarithmic transformation of the odds of an event;odds ¼ probability 1Àprobability
). The outcome variables are logits of the probability of an adolescent sleep problem from 11 to 17 years of age. We used childhood sleep problems to predict the latent intercept (i.e., probability of having a particular sleep problem at age 11) and slope of adolescent sleep problems (i.e., rate of change of probability of a particular sleep problem from 11 to 17 years of age). In these analyses, we did not model the family effect. Previous research shows that the effect of clusters on latent growth models depends on cluster size and intraclass correlations (Muthen, 2000; Muthen and Satorra, 1995) . Based on the rule of thumb suggested in those studies, we determine that the size of clusters (or families) in our sample is small and the potential lack of independence in the data for some families did not significantly bias the latent growth modeling analysis.
RESULTS
Descriptive Statistics
At 3 to 8 years of age, about one-tenth of children (11%) were rated by their mothers as having trouble sleeping and more than one quarter (27%) were rated as overtired. Onethird (33%) of the children had either sleep problem. Children who were rated as having problems sleeping were also more likely to be rated as overtired and vice versa [v 2 (1) = 13.41, p < 0.001]. There were no gender differences in sleep trouble . By 18 to 20 years of age, 47% reported at least one binge drinking episode in the last 6 months, 26% had experienced blackouts, 12% had driven after consuming a significant amount of alcohol (''had driven a car when I had a good bit to drink''), 60% reported having had at least one alcoholrelated problem; 62% reported having used illicit drugs; 24% reported having had at least one drug-related problem.
Childhood and Adolescent Sleep Trouble and Overtiredness
Results of mixed models using childhood sleep measures to predict adolescent sleep measures were presented in Table 1 . Two-way interaction effects (e.g., having trouble sleeping X parental alcoholism, having trouble sleeping X gender, gender X parental alcoholism) were tested but none was significant and were therefore dropped from the analyses. Controlling for parental alcoholism, gender, age, and childhood overtiredness, maternal ratings of having trouble sleeping at 3 to 8 years of age were significantly related to self-report of having trouble sleeping at 11 to 17 years of age. Those who had trouble sleeping in childhood were 2.41 times more likely to have trouble sleeping in adolescence. In contrast, maternal ratings of overtiredness at 3 to 8 years of age were not associated with self-report of having trouble sleeping when other variables in the model were controlled for. Controlling for parental alcoholism, gender, and age, neither maternal ratings of having trouble sleeping nor overtiredness had a significant relationship with adolescent report of overtiredness.
In addition, we also used latent growth modeling analysis to examine whether maternal ratings of sleep trouble and overtiredness were related to the development of sleep trouble and overtiredness in adolescence. As sleep trouble and overtiredness were dichotomous variables, latent growth modeling was performed on their logits (log odds). The unconditional latent growth model of sleep trouble showed a good fit to the data, v 2 (120) = 67.718, p = 1.000 (note: a nonsignificant chi-square value indicates a good fit). The mean intercept was significantly different from zero [uˆa = )1.722 (0.264), p < 0.001]. In other words, the logit of sleep trouble at age 11 was estimated to be )1.722 (probability ¼ 1 1þe À log it ), i.e., the estimated probability that an 11-year-old participant would report having sleep trouble is 0.151. However, the mean slope was not significantly different from zero, suggesting that across all participants the probability of reporting sleep trouble over time was quite stable [uˆb = )0.121 (0.072), p = 0.09]. The variance of both the intercept and slope estimates were significantly different from zero [r Fig. 2 . When compared to their counterparts, those who had trouble sleeping in childhood were 5.84 times more likely to report having such trouble at age 11. Such relationship appears to be weaker over time, as indicated by the decreasing slope. At 16 to 17 years of age, the two groups did not seem to be different on the probability of sleep trouble.
The unconditional latent growth model of overtiredness showed a good fit, v 2 (122) = 117.741, p = 0.592. The mean 
Childhood Sleep Problems and Response Inhibition in Adolescence
Results of mixed models using childhood sleep problems to predict response inhibition (Stop Signal Reaction Time or SSRT) are presented in Table 1 . Again, two-way interaction effects were tested but none was significant. The intercept was 218.76 units, which was the estimated SSRT for a 15-year-old female control (i.e., Non-COA) who did not have trouble sleeping and was not overtired at 3 to 8 years of age. Age had a negative relationship with response inhibition, indicating that older adolescents had shorter SSRT. Gender had a positive relationship with response inhibition, suggesting that adolescent boys had a longer SSRT than adolescent girls. Controlling for parental alcoholism, age and gender, maternal ratings of overtiredness at 3 to 8 years of age significantly predicted response inhibition at 15 to 17 years of age. Children who were rated as overtired had poorer response inhibition in adolescence (on the average, SSRT was 25.44 units longer) than children who were not rated as overtired. Controlling for overtiredness, having trouble sleeping in childhood was not significantly related to adolescent response inhibition.
Sleep Problems, Response Inhibition, and Substance Outcomes
Multilevel models results using childhood and adolescent sleep measures, adolescent response inhibition to predict substance outcomes in young adulthood are presented in Tables 2 and 3 . We first used sleep problems, response inhibition, parental alcoholism, age of participant and gender to predict each substance-use outcome and substance-related problem variable. The parameter coefficients obtained from the mixed models analysis were then used to test whether adolescent response inhibition or sleep measures significantly mediated the effects of childhood sleep measures on each outcome in young adulthood.
Binge Drinking and Alcohol-Related Problems. Controlling for age, parental alcoholism, adolescent sleep measures and response inhibition, overtiredness at 3 to 8 years of age significantly predicted all four alcohol outcomes in emerging adulthood, including presence of binge drinking, blackouts, ''having driven a car after having a good bit to drink,'' and number of alcohol-related problems. When compared to their counterparts, those who were overtired at 3 to 8 years of age were 2.8 times more likely to have engaged in binge drinking, 2.0 times more likely to have experienced blackouts from drinking, and 2.3 times more likely to have driven a car under the influence of alcohol by 18 to 20 years of age. On the average, they reported more alcohol problems in emerging adulthood than participants who were not overtired at 3 to 8 years of age. Sleep measures and response inhibition in adolescence did not significantly predict any alcohol outcomes.
Illicit Drug Use and Drug-Related Problems. Controlling for age, parental alcoholism, and sleep measures, adolescent response inhibition significantly predicted the number of illicit drugs used by 18 to 20 years of age. Adolescents with longer SSRT were more likely to report using more illicit drugs. For every standard deviation increase in SSRT (i.e., 88 seconds), number of illicit drugs was estimated to increase by 0.44 (88*0.005). This effect may seem small in absolute terms. However, given that the mean number of illicit drugs used by 18 to 20 years of age is only 1.5, the effect of response inhibition cannot be ignored. Additionally, having trouble sleeping in adolescence significantly predicted the presence of any drug-related problems by emerging adulthood. Controlling for other factors in the model, those who had trouble sleeping in adolescence were 2.4 times more likely to have had a drug-related problem by emerging adulthood.
Did response inhibition or having trouble sleeping in adolescence mediate the effect of childhood sleep measures on drug outcomes? Two sets of mediation analyses were performed to address this question. The first set of analyses used response inhibition as a potential mediator. The second set of analyses used having trouble sleeping in adolescence as a potential mediator.
Findings from the first set of mediation analyses show that there was a statistically significant effect of childhood overtiredness on adolescent response inhibition ðâ ¼ 25:437; Sâ ¼ 11:243; p<0:05Þ. There was also a significant effect of response inhibition on number of illicit drugs used Numbers listed are parameter coefficients and their standard errors (in parentheses). *p < 0.05. **p < 0.01. ***p < 0.001. Findings from the second set of mediation analyses show that there was a significant effect of having trouble sleeping in childhood on having trouble sleeping in adolescence ðâ ¼ 0:881; Sâ ¼ 0:378; OR ¼ 2:414; p<0:05Þ. There was also a significant effect of having trouble sleeping in adolescence on the presence of drug-related problems ðb ¼ 0:893; Sb ¼ 0:299; OR ¼ 2:442; p<0:01Þ. Having trouble sleeping in adolescence significantly mediated the effects of having trouble sleeping in childhood on drug-related problems (Z a = 2.331, Z b = 2.987, Z a Z b = 6.963, p < 0.05; 95% asymmetric CI = 0.104 to 1.759).
DISCUSSION
Childhood sleep trouble and overtiredness appear to have both direct and indirect relationships with substance use and substance-related problems in young adulthood. To the best of our knowledge, this is the first study showing a long-term relationship between childhood sleep measures and subsequent alcohol and drug outcomes. ''Having trouble sleeping'' in childhood predicted a higher probability of ''having trouble sleeping'' in adolescence, which in turn predicted the presence of drug-related problems in young adulthood. Overtiredness in childhood predicted lower response inhibition in adolescence, which in turn predicted the number of illicit drugs used. Overtiredness in childhood also directly predicted the presence of binge drinking, blackouts, driving after drinking alcohol, and number of lifetime alcohol problems in young adulthood.
Our previous work has shown that childhood sleep problems were associated with age of onset of substance use in adolescence (Wong et al., , 2009 . In those studies, overtiredness and having trouble sleeping predicted onset of alcohol, cigarette, and illicit drugs use among boys, and onset of alcohol use only among girls. As our participants became young adults, an association between childhood overtiredness or having trouble sleeping and substance-related problems emerged. The effect was the same for both male and female participants (there was no gender X sleep measure interaction). Although we cannot be certain that childhood overtiredness or trouble sleeping are causally linked to alcohol and illicit drug use and related problems, the results of this study underscore the developmental significance of childhood sleep problems. Children with sleep problems appear to be more vulnerable to the risks of substance use as well as problem use.
Maternal ratings of sleep trouble in childhood predicted self-report of sleep trouble in adolescence over an extended period of time (over 10 years). The relationship holds whether we examine ''absence or presence of having trouble sleeping in adolescence'' (as in the two-level mixed modeling analysis) or the developmental trajectories of having trouble sleeping over time (as in the latent growth curve analysis). These findings provide preliminary evidence that maternal ratings of sleep trouble have some predictive validity. Our results also indicate that sleep problems persist over time, a finding that is consistent with past studies (Gregory and O'Connor, 2002; Kataria et al., 1987; Zuckerman et al., 1987) . Thus, children who had trouble sleeping were more likely to experience the same problem in adolescence. ''Having trouble sleeping'' in adolescence in turn predicted the presence of any drug-related problems. Having trouble sleeping in adolescence significantly mediated the effect of having trouble sleeping in childhood on substance outcomes.
We did not provide data regarding changes in maternal ratings of sleep problems over time. Future studies might compare the developmental trajectories of sleep problems in maternal ratings and self-reports and examine whether the two types of trajectories are related to one another in meaningful ways. Research could also examine the similarities and differences of subjective report of sleep problems (e.g., parental ratings, self-reports) with more objective measures (e.g., data from actigraphs and polysomonography).
Maternal ratings of overtiredness had no relationship with adolescent report of overtiredness. According to a study conducted by the National Sleep Foundation (2006), more than one half (56%) of adolescents aged 11 to 17 reported that they got less sleep than they needed to feel their best and 51% said they felt too tired or sleepy during the day. Feeling overtired appears to be very common among U.S. adolescents. Changes in sleep architecture (e.g., decreases in rapid eye movement and slow wave sleep) (Carskadon et al., 1981; Wolfson and Carskadon, 1998) and sleep habits in adolescence (e.g., developing irregular sleep habits, not getting enough sleep) (National Sleep Foundation, 2006) may have resulted in overtiredness among many respondents, not only those with early childhood sleep problems. Such effects would serve to attenuate our results; the fact that they did is another reason to have confidence in these findings.
Maternal ratings of overtiredness in childhood significantly predicted lower response inhibition. ''Tiredness'' may imply any or all of the three following states-(i) central nervous system fatigue, i.e., mental exhaustion with impairment in concentration and thinking; (ii) physical fatigue, i.e., a sense of physical exhaustion; and (iii) sleepiness, i.e., an urge to sleep (Moldofsky and MacFarlane, 2005) . There are many possible causes of childhood overtiredness, some of which (e.g., inadequate nutrition) may have nothing to do with sleep. However, it is useful to note that childhood overtiredness had a highly significant relationship with ''having trouble sleeping'' in both childhood (maternal rating) and adolescence (self-report). Seen in this way, the relationship between overtiredness and response inhibition are consistent with previous studies showing that sleep problems (e.g., sleep deprivation, sleep fragmentation) have a negative impact on inhibitory processes (Randazzo et al., 1998; Sadeh et al., 2002 Sadeh et al., , 2003 . This study is the first one to show a relationship between overtiredness and response inhibition over a span of more than 10 years and during an interval when great developmental changes are taking place.
Response inhibition is a component of EF. It involves the ability to interrupt a prepared (prepotent) response while taking into account information relevant to the actor's goal (Logan, 1994) . Thus, it is an essential element of self-regulation (Barkley, 1997; Logan, 1994) . Self-regulatory processes including inhibitory processes require mental effort (Muraven et al., 1998) . If overtiredness implies physical and mental fatigue and self-regulation requires sustained mental effort, the relation between overtiredness and response inhibition seems logical. This study highlights the possibility that such relations persist over time. To the extent that response inhibition is related to impulse control (Logan et al., 1997) , delay of gratification (Mischel et al., 1989) , sustained attention (Barkley, 1997; Nigg, 2000) , and goal-oriented behavior (Nigg, 2000) , childhood sleep problems may have long-term implications for the development of such abilities.
Lower levels of response inhibition in adolescence predicted the number of illicit drugs used. The mediating effect of response inhibition is significant, indicating that overtiredness had an indirect effect on the outcomes via poor response inhibition. Overtired children, regardless of their gender and their parents' alcoholism status, were more likely than their counterparts to develop impaired response inhibition, which was associated with using more illicit drugs. Studies have repeatedly linked poor EF and response inhibition to substance use and related problems (Deckel and Hesselbrock, 1996; Nigg et al., 2006; Peterson et al., 1992) . Our findings are consistent with those studies and underscore the importance of understanding the sleep problems-response inhibition pathway to substance use and abuse.
Overtiredness in childhood had a direct relationship with alcohol outcomes, including binge drinking, blackouts, driving under the influence of alcohol, and number of alcoholrelated problems. It is unclear what factors may explain this direct relationship. There are at least two possible explanations. First, individuals who are overtired may be more likely to use alcohol to relieve its physical discomfort or distress. The desire to relieve discomfort may lead some participants to excessive drinking and poor decision making, resulting in problems such as binge drinking, blackouts, and driving under the influence of alcohol. Second, parents may perceive hyperactivity and restlessness in young children as overtiredness. Childhood hyperactivity and restlessness is an important risk factor for alcohol use and alcohol-related problems (Caspi et al., 1996; Molina and Pelham, 2003) .
It is not clear why alcohol and drug outcomes were predicted by different sleep items. The results, however, were not completely contradictory. For example, trouble sleeping at 3 to 8 years of age predicted neither alcohol nor drug outcomes. Likewise, overtiredness at 12 to 17 years of age predicted neither alcohol nor drug outcomes. It is true, however, that overtiredness at 3 to 8 years of age predicted all of the alcohol outcome variables and none of the drug outcome variables. Likewise, trouble sleeping at 12 to 17 years of age predicted drug-related problems but none of the alcohol outcomes. Our data cannot explain these discrepancies. What they do show is that the two early childhood sleep items have different relationships with alcohol and drug outcomes. Overtiredness in childhood has a direct relationship with alcohol outcomes. Additionally, it predicted lower response inhibition in adolescence, which had a positive relationship with the number of illicit drugs used. In contrast, having trouble sleeping in childhood had an indirect relationship with drug-related problems, mediated by having trouble sleeping in adolescence. In other words, only persistent trouble sleeping from childhood to adolescence was associated with drug-related problems. It is possible, therefore, that the two sleep items operate through different pathways to affect the risk for adverse alcohol and drug outcomes in adolescence.
Our findings have several implications for prevention and intervention programming. First, these findings underscore the importance of increasing public awareness of the significance of sleep problems in children and of their potential effect on response inhibition and later substance use and abuse. Parents, educators, and counselors are encouraged to help children deal with sleep deprivation and poor sleep. Seeking help from health care professionals may also be necessary to deal with persistent sleep problems. Second, substance abuse prevention and intervention programs need to consider the role of both sleep problems and response inhibition as possible core mechanisms operating earlier in the pathway to substance abuse. Thus, an appropriate intervention target would be to educate youth about the potentially serious consequences of sleep problems. Skills related to developing better sleep hygiene and self-control could also easily and appropriately be taught. Recent research on sleep intervention trials among adolescents, including those who abuse substances, shows promising results (Haynes et al., 2006; Moseley and Gradisar, 2009; Stevens et al., 2007) .Third, health care providers may need to become more sensitized to the potential serious ramifications of childhood sleep problems and provide appropriate treatment or referral for sleep disturbances when clinically indicated. Such treatments would include sleep hygiene, cognitive-behavioral therapy, and ⁄ or medication.
Clearly, the longitudinal relation between sleep problems and response inhibition observed here needs to be replicated in other studies. An issue that remains to be addressed is whether the sleep problems-response inhibition link has an effect on other psychiatric problems such as depression and anxiety. Another issue is whether childhood sleep problems affect other types of EFs besides response inhibition.
The current study has several limitations. First, our analyses did not include any information prior to 3 to 8 years of age. Data pertaining to prenatal development and sleepwakefulness information in the first 3 years of life are necessary to thoroughly characterize the developmental pathways related to the emergence of sleep problems in early childhood. Second, our sample of alcoholic and control families was deliberately selected so that offspring were at the middle-to-high end of the risk continuum for alcohol-use disorders. Moreover, the numbers of alcoholic and control families, as well as the number of boys and girls were unequal. Thus findings in this study need to be evaluated in other samples at high risk for substance abuse using a balanced design, as well as in general population samples. Third, our measures of sleep problems were limited to two items and thus did not fully capture the spectrum of childhood sleep problems. In addition, the sleep problem indicators we used were maternal ratings. Although earlier work by our group has shown that maternal sleep ratings predicted adolescent substance use even when one important maternal factor-her depression-was controlled ; it is still essential to establish that the observed differences reflect true sleep problems, rather than a parent's subjective experience of them. Similarly, an adolescents' self-report of trouble sleeping might be influenced by their mother's perception of their childhood sleep. Studies using polysomnographic or actigraphic measures in addition to sleep questionnaires are needed. Finally, our study lacks data on caffeine use, one of the most common psychoactive substances in both children and adults Roth, 2000, 2008; Temple, 2009) . Caffeine use may disrupt sleep and increase daytime sleepiness (Roehrs and Roth, 2000) and has also been linked to use of both tobacco (Istvan and Matarazzo, 1984; Martin et al., 2008) and alcohol (Istvan and Matarazzo, 1984) .
This study provides preliminary evidence on the relationships between childhood sleep problems and substance use and substance-related problems in young adulthood. Childhood sleep problems appear to have both direct and indirect effects (via sleep trouble and response inhibition in adolescence) on subsequent substance-related outcomes. Examining the effects of sleep problems during this period of time may contribute to a greater understanding of the many developmental issues confronting children, adolescents, and young adults, including the important decisions about the use of alcohol and other drugs that lead to problems.
